Abstract
rising as a proportion of total taxation. This increase in environmental taxation has raised some concern over the distributional impacts of such taxes. The OECD (1994, 1995) examine distributional effects of environmental policy in a broad context including both theoretical results as well as empirical findings on distributional effects caused both by the taxation and by a reduction of environmental pressure. Bovenberg (1998 Bovenberg ( , 1999 and Bovenberg & van der Ploeg (1998) examine environmental tax reform and its consequences for employment and welfare in a theoretical context. 1 These papers point to the difficulty of achieving both efficiency and distributional objectives through environmental tax reform.
Empirical findings 2 for Europe by Pearson and Smith (1991) suggest that carbon taxes tend to be more regressive in northern European countries than in southern European countries. This is due partly to taxes on petrol, which tend to be more progressive in southern Europe than in northern Europe, and partly to the climate-induced necessity for heating in northern Europe. Taxes related to motor vehicles are found to be neutral (Smith, 1995) in Europe on average, whereas there is evidence that petrol taxes in the US can have regressive effects, especially if considered in rural areas. Walls and Hanson (1999) compare four different taxes on private vehicle use in California. They find, based on a lifetime income proxy, that annual vehicle value taxes are mildly regressive, but that introducing more pollution-dependent taxation will increase the regressivity. Poterba (1991a) , amongst other things, compares the actual income measure with a lifetime income measure. The findings suggest that using lifetime income measures for distributional analyses produce less regressive tax results than using current income. Especially for low-income households, the choice of income measure is important because many households with low current incomes are students or pensioners with higher lifetime income. 3 Poterba (1991b) specifically analyses a petrol tax in the US that is found to be much less regressive if calculated using lifetime income.
Most empirical analyses examine distributional effects of taxes through their direct impact on household tax payments. A number of studies examine also the indirect effect via household consumption of goods that have been levied with environmental taxes in their production. 4 The general finding of these studies is that environmental taxes are regressive.
We examine the empirical evidence for the broad range of environmental taxes in Denmark. The paper addresses the issue from an empirical angle, examining the size and composition of Danish environmental taxation and the distributional effect of increased use of environmental taxes in Denmark. The distributional analysis is based on a combination of household expenditure surveys and samples drawn from governmental registries.
THE EXTENT OF ENVI RONM ENTAL TAXATI ON I N DENM ARK
The amount of government revenues derived from environmental taxation in Denmark has been gradually increased in recent years. Green tax reforms initiated in 1993/1994 introduced new environmental taxes and increased existing taxes on energy. Table 1 shows the composition of the new "green" environmental taxes and other environmentally related taxes. There are a large number of environmental taxes included in Table 1 that are potentially influencing the amount of consumption or emissions. However, only a few of these were * Figures according to Fiscal Budget (FL 2001) originally introduced for environmental purposes. The majority of these fiscal duties and others were introduced as "luxury" taxes. They can however be seen as environmental taxes, for example, in the case of electricity where the high Danish tax definitely reduce consumption and the fuels used for producing the electricity at the same time is exempted from taxation. The "new" environmental taxes constitute only 1.3 billion Euro, corresponding to 15% of the taxes characterised as environmentally related. Around 45% of the environmental taxes are duties imposed directly on the use of energy products and an additional 8% are imposed on the emissions from energy use. The transport-related taxes, which constitute another major group of taxes, affect the environment by reducing petrol demand directly and by reducing the demand for privately owned vehicles.
Source: Fiscal Budget 2000, Ministry of Finance

Figure 1 Taxes and duties from different sources in Denmark 1999
Environmentally related taxes have grown in importance for total tax revenues in recent years. In 1999 environmental taxes constitute 10.4% of the taxes included in the above figure compared to 9% in 1995 and 7% in 1990. In the long term the revenue share of environmentally related taxes has only increased from 7.7% in 1980 to 10.4% in 1999, 5 with the increase occurring in the latter part of the nineties. Of the environmental taxes, the green taxes have risen the most, corresponding to 1.1% of taxes in 1995 and 1.7% in 1999. However, these new green taxes are still of limited revenue importance compared to the traditional 5 Ministry of taxation (1998) Appendix 1 (p. 34) energy taxes and private vehicle taxation. Environmental taxes in total contribute more to total revenues than the sum of corporate taxes and social security contributions. 6 There is the important difference between the new green taxes and traditional energy taxes that most of the green taxes are paid by both consumers and producers, some even primarily by producers, whereas the producing sectors have been exempted from energy taxes and partly from registration duties. This has been defended because of concern for the international competitiveness of Danish producing sectors. In 1998 around 80% of the total environmentally related taxes were paid directly by consumers compared to around 60% of the new green taxes. Table 2 shows that Denmark is not outstanding with respect to the extent of environmental taxation compared to other countries traditionally associated with environmental concerns. The main difference in tax structure is not due to difference in environmental taxation, except for the US, which has lower duties on specific goods (including environmental taxes) and lower general sales taxes, etc. The main difference of the Danish tax structure is due to the financing of social security by total tax revenue and not by employers' contributions to social security, as in most other countries.
The distributional aspect of environmental taxation have been a major issue in the international debate over carbon taxes and has also been discussed in many countries in relation to energy and petrol taxes. In Denmark, however, this debate has been less intense, and the assumption of government transfers securing the distributional concerns has been generally accepted. A few tax exemptions for pensioners have been made, 7 and recently a proposal for a tax-free consumption threshold for energy taxes has been discussed.
In Denmark there is only a flat value-added tax rate; no reduced rate has been introduced for basic needs such as food and energy. This reflects the fact and generally accepted assumption that the income tax system and government transfers assure the necessary redistribution of income sufficient to purchase basic needs. Also, the fact that heating expenses for low-income households have been reduced by public urban renewal, which has supplied these households with relatively cheap district heating, is another explanation for the limited debate on energy taxes and distribution.
DATA AND M ETHODOLOGY
Data for 1997, collected by the former Danish Ministry of Economic Affairs and covering around 3.3% of the Danish population, is the main data source for the analysis. A range of socio-economic variables and detailed tax monitoring information as well as public transfers are included in the data for each person and household. For a description of the data and its use, see Ministry of Economic Affairs (2000) . The comprehensive data and the systematic treatment of it is referred to as the "Law model", which is used in the Danish ministries for examining distributional aspects and revenue consequences in relation to both existing and proposed legislation. We use an extract from this source in combination with extracts from data sources covering household energy consumption. 8 The data is combined with the household expenditure survey of Statistics Denmark (1999) , that covers a much smaller sample of households 9 but includes information on environmental taxes not covered by the other sources. The survey is based on registrations from 2 weeks distributed over a calendar year followed by interviews and combined with certain administrative registers. For some of the goods and especially for some of the taxes, the uncertainty can be quite large. In some cases the households did not have the knowledge on tax payments. 10 For some taxes, such as registration duties and duties on coal and coke, the number of households in the survey that actually purchased these items was rather limited. This paper concentrates on already implemented taxes and actual tax payments by households, whereby a behavioural response to the taxes will be reflected in actual tax payments. It is, however, more difficult to describe the consequences for households if there were no such taxes, or to predict the consequences of a new tax.
The wide coverage of the data source allows us to group individuals according to income, socio-economic class, family size, residential location, etc. The main focus is on the relation between income and tax payments, and therefore the individuals in the sample are grouped in income deciles with approximately 14000 in each. All adult persons in the sample are referred to income deciles based on the disposable income of their households. 11 In order to take into account different household sizes the aggregate income of the household is first transformed using age groups in the household. 12 The transformed income is then divided on the adults in the household. In appendix A the most central variables for income, etc., are given for the deciles.
The choice of income variable for constructing deciles is not straightforward, which is demonstrated by the findings of Poterba (1991a) and Metcalf (1998) . They find that choosing the current income relative to lifetime income or a lifetime proxy such as current expenditure could produce different results. The regressivity in their results is less pronounced when a lifetime income measure is used. Therefore, we also use total expenditure 13 to compare the results on distributional impact. Because the expenditure data except from energy and water are based on the household survey they only cover around 5000 persons compared to 140.000 for the income data 14 . In Appendix B distribution measures including three different income variables are given, one of which is based on current expenditure as a proxy for lifetime income.
The distributional impact of environmental taxes can be examined by looking at tax payments relative to disposable income for the deciles. A falling share of income used for environmental taxes with rising income indicates a regressive tax. If the share is steadily rising with income, the tax is seen as progressive 15 . The graphical representation, however, cannot be decisive if the share is not steadily rising or falling with income. Neither is it possible to directly compare the regressivity of different environmental taxes. Therefore, we use a simple measure for distributional impact based on the Gini coefficient. 16 We use the change in Gini coefficients as a result of additional tax collection following the method applied by Jørgensen and Pedersen (2000) . The change in Gini coefficient is calculated after collecting an additional 13.4 million Euro (100 million DKK) in environmental taxes. This is a marginal revenue corresponding to less than 0.2‰ of total tax revenue.
The changes in Gini-coefficient will be used to compare the distributional effect of different environmental taxes. An increase in Gini-coefficient will be used to indicate a tax effect that increases inequality of consumption possibilities whereas a reduction of Ginicoefficient will indicate a tax that reduce inequality. 13 Data from the household survey. 14 Comparing expenditure and income data result in consumption ratios that seems quite high for the lowest income decile (180%), but the average consumption ratio is 95% which is as expected. 15 The term "progressive" only refers to tax payment out of disposable income. The tax is not necessarily progressive as normally referred to an increasing tax rate for increasing income levels. All the environmental taxes included in this study are flat rates independent of income levels.
16 This is done even though the Gini coefficient is known to have the disadvantage of giving high weights to the middle-income deciles.
DI STRI BUTI ONAL I M PACT OF ENVI RONM ENTALLY RELATED TAXES
Figure 2 Environmental taxes and disposable income deciles
International studies such as those referred to in the introductory section find a tendency towards regressive effects for energy and carbon taxes. Most of these studies examine possible effects of CO2 taxes and they produce mixed results for countries with different production and consumption characteristics. This paper attempts a broader perspective, firstly by looking at the combined effect of all environmentally related taxes and secondly by comparing the effect of different environmental taxes. It also distinguishes itself by analysing an implemented CO2 tax that differs between energy use in households and industry and not fully reflects the carbon content 17 . Figure 2 shows the aggregate level of environmentally related taxes imposed on each income decile both in absolute terms (DDK per adult) and as a share of disposable income. The tax relative to total expenditures in the income decile is also given. The left vertical axis shows the share of these taxes out of disposable income and expenditure, whereas the right vertical axis shows the tax payment per adult. First the share of environmental taxes relative to income is only slightly different within deciles 2-9, but those in the lowest income decile use about 1¾ percentage point more of their income for environmental taxes than do those in the highest income decile. For the expenditure shares the figure reveals that the fraction of expenditures used for environmental taxes is increasing with income.
From these aggregate figures there does not seem to be an alarming problem with the distributional effects of environmental taxes, even though the taxes tend to be mildly regressive if seen relative to disposable income. The expenditure shares indicate that if expenditures is a proxy for life-time income and the consumption composition is independent of the stage of life, then high income groups will use a higher fraction of "lifetime income" for environmental taxes 18 .
This result, however, does not tell the full story, as the aggregate environmental taxes do hide the very large difference that exists between green taxes and transport-related taxes. Figure 3 clearly distinguishes the effects between the main subcategories of environmental taxes.
Figure 3 Major categories of environmental taxes (share of disposable income/ expenditure)
As Table 1 reveals, this paper also includes registration duties on new vehicles amongst environmental taxes. This is because this duty, even though it was not originally introduced in Denmark as an environmental tax, has certainly contributed to reducing the number of privately owned cars, the average car size and the amount of pollution associated with driving.
The figure compares the distributional effect of the three aggregate types of environmental taxes. Transport-related taxes increase with income except for the last decile, whereas green taxes and energy taxes both decline in importance with rising income, indicating a regressive tax effect. This tendency is seen for tax shares relative to both current income and total expenditure, but for the shares based on expenditure the distribution effect is generally less unfavourable to low income groups.
In order to investigate the relative redistribution effect of green taxes and compare to taxes on energy and to determine if transport-related taxes are redistributing towards lower income groups the changes in Gini coefficients are calculated and applied in a later section.
The comparison of the three categories in Figure 3 leads to the conclusion that the green taxes and energy taxes on average are regressive to neutral in contrast to transport-related taxes, which are progressive. Transport taxes correspond to nearly 50% of the total environmental taxes paid by households, which is the main reason that, overall, environmental taxes only seem to be slightly regressive or even progressive in the case of expenditure shares. The findings of Speck (1999) and Symons et al. (1997) -that the effects of carbon and energy taxes are more regressive in the northern European countries than in southern Europe -corresponds to the data for Denmark analysed here. 19 The result for transport also corresponds to the findings of Smith (1995) , who found transport fuel taxes to have no regressive effect in the English case. For the US the results are somewhat different, as Walls and Hanson found value-based registration duties to be mildly regressive.
ENVI RONM ENTAL TAXES AND SOCI O-ECONOM I C CLASSI FI CATI ONS
The socio-economic characteristics of households are another important classification to examine with respect to the burden of environmental taxes. Two issues are in focus here: first, the relationship between residential location and tax burden is considered from the hypothesis that the environmental taxes constitute a higher fraction of income in rural areas; next, we examine the relationship between environmental taxes and socio-economic groups based on labour market status.
Figure 4 Residential location and selected environmental taxes (share of disposable income)
Rural households 20 pay a higher proportion of their income on environmental taxes than households located in cities. This goes for all taxes included in Figure 4 , and the relation between residential location and tax payments also shows that the further the distance from the main cities, the larger the proportion spent on these taxes. This is especially pronounced for registration duties and petrol taxes, reflecting the facts that public transport is not available at the same scale in rural areas as it is in urban centres, and that populations in rural areas are more widely dispersed and thus depend on transport more than city dwellers. A similar explanation can be given for the more widespread use of gas oil and electric heating, as district heat and natural gas grids are less common in rural areas. The general conclusion is that the impact on rural households from environmental taxes is higher than for other parts of the population.
Figure 5 Socio-economic groups and environmental taxes (tax share of disposable income)
It could be assumed that environmental taxes put an excess burden on poorer groups, such as the unemployed or pensioners. However, this hypothesis is not supported by our data, and the groups with the largest environmental tax burden in Figure 5 are not those traditionally perceived as exposed population groups. The unemployed pays only a little larger share on electricity, water and carbon tax than the average household, and for petrol and registration duty they spend considerably less. Pensioners are very similar to the unemployed in this respect, but use slightly more on electricity and CO2 taxes. The socioeconomic classes affected the most seem to be early retired 21 and self-employed, which are the two groups that spend the largest fraction of income on registration duty and petrol. 22 Students are paying a higher share of income for electricity, water and CO2 taxes than the average, but this is balanced by less than average payments for registration duty and gasoline tax. Students are the only group that would have shown a different burden if expressed relative to expenditure. This group has a considerable negative savings rate, whereas the other groups have savings rates close to zero. Students are thus less severely hurt by taxes on electricity, water and CO2, than indicated in Figure 5 .
The "weak" socio-economic classes are not the groups most hurt by the environmental taxes. The major explanation for this is that income is not much lower for weak groups and they spend much less on transport-related environmental taxes.
REDI STRI BUTI ONAL EFFECT M EASURED BY CHANGES I N GI NI COEFFI CI ENTS
The method of using calculations of distributional impact based on change in Gini coefficient from additional tax collection was briefly described in the section on methodology.
Figure 6 Accumulated income and Gini coefficients
Gini coefficients can be calculated based on the income data before or after taxes. In Figure  6 the Gini-coefficient after reducing income for direct taxes and indirect taxes is shown. Accumulated income (in %) at the vertical axes is given for the adults belonging to income deciles up to the income decile at the horizontal axes. The graph for this disposable income shows that 50% of the population (adults) receive around 36% of total disposable income after reduction for paid indirect taxes. The Gini coefficient is the patterned area in Figure 6 relative to the total area below the 45-degree line. The more equal the disposable income the less the Gini-coefficient will be.
To compare the effect of different environmental taxes and other indirect taxes we calculate changes in this Gini-cofficient as a result of a marginal change in total tax revenue. To make the changes comparable we examine the effect of collecting identical tax revenue (100 mill DKK) by using the different tax instruments one at a time.
The change in Gini coefficient is calculated by reducing the disposable income for each decile in Figure 6 with the tax payment corresponding to an additional tax revenue of 13.4 million Euro (100 mill. DKK). Each decile thus pays a proportional tax increase relative to their existing tax payment. For all the calculations the consumption pattern is assumed unchanged by the tax change. This is justified by the relatively small change in taxation and even less change in consumer price for the majority of taxes in question and due to lack of information about the demand response for the different income deciles.
The findings based on the income variable 'disposable income reduced for already existing indirect taxation' are presented in Figure 7 . The change in total tax revenue is marginal (less than 0.2‰) and identical for all the calculations for the taxes included in the figure. However, the change in the specific environmental tax revenue is not marginal for all the taxes and there might therefore exist demand responses for a few taxes, that are not included in the calculation.
Figure 7 Change in Gini coefficient as a result of additional tax collection
The results in Figure 7 allow a comparison of the effect of collecting tax revenue from different environmental taxes. The figure identifies three of the environmental taxes as reducing inequality as measured by the Gini coefficient. The results regarding transport, as indicated in Figure 3 , are reinforced by the calculated change in Gini coefficient, and the taxes reducing the coefficient within this category are identified as the tax on petrol and the registration duty, 23 compared to the slightly positive effect of weight duty and annual duty on private diesel cars. Energy taxes and green taxes as aggregate categories are increasing inequality and have similar effect. They both increase the Gini coefficient slightly more than VAT, but less than duties on alcohol and tobacco. However, energy and environmental taxes exist that are considerably more biased towards the low-income groups than the average category. Taxes on piped water, district heating, carrier bags and especially LPG are all increasing inequality more than alcohol and tobacco taxes.
The results with regard to the ordering of individual tax impacts in Figure 7 is independent of which of the three income or expenditure variables is used. This can be observed in Appendix B, which lists results for the three different income variables. There is, however, a systematic difference in the redistribution effect for all taxes. All taxes are less problematic with respect to inequality if the expenditure variable is used instead of current disposable income, as most of the changes in Gini coefficients are lower with this variable.
POLI CY I M PLI CATI ONS
For the discussion of environmental tax reform it is important to consider the general tendency for environmental taxes to be regressive as well as the different impacts of the various environmental taxes and duties. However, the average redistribution effect of green taxes and energy taxes is not much different from other consumption taxes (e.g. VAT).
Income tax reforms that are financed partly by increasing environmental taxes should also include lower income taxes for low-income groups.
Increased environmental taxes in combination with reduced marginal income tax rates could reduce total tax progressivity through both the income taxes and the environmental taxes, which would be an unattractive combination. For tax reforms to give a more balanced distributional effect there need to be reduced income taxes also for the low-income groups. Secondly, the increase in environmental taxes should include transport-related taxes.
Environmental tax reforms involving a change in the relative weight of different environmental taxes should focus both on the environmental and the distributional impact of the different tax categories.
Environmental tax reforms have distributional consequences and these should be evaluated based on the different environmental tax categories, since their distributional impact varies a great deal, as demonstrated by this study. The assumption that environmental taxes are only slightly regressive would be misleading if it is green taxes and especially taxes on water or retail containers, carrier bags, etc that are considered major parts of a tax reform. On the other hand, an environmental tax reform should not be rejected because of unattractive distributional impacts if it is based largely on higher taxes on private transport/vehicles or if the other parts of the tax reform are not too unbalanced with regard to distributional effects.
High taxes on private transport (registration duty and petrol) would be one way to balance the distributional impact of other environmental taxes with valid arguments concerning the high external cost of private transport (emissions -health, accidents, noise). However this would require that there are adequate public transport available so that the welfare loss associated with being excluded from owing your own car is not too great.
The political pressure to reduce the high Danish registration duties and replace these with other taxes might have negative distributional impacts without improving the environment. 24 This study shows that both petrol taxes and registration duty are levied to a larger extent on high-income households. The registration duty ensures that the largest cars or the most luxurious cars, which also have the largest engines, are taxed more than the average family car. There might thus not be much environmental improvement from increasing the annual weight duty (green owner duty) 25 and reducing registration duty.
In most countries, except the poorest, consumption of electricity and water will be basic goods and therefore taxing these goods will harm the lowest income groups more than the high income groups. This implies that the widespread use of end-use taxation of electricity and the exemption of taxes for the fuels used for electricity production have less environmental effect and therefore also larger distributional effect than if taxes were levied on fuels.
The indirect effect through environmental taxes on domestic production might also have mixed distributional effects, as energy taxes associated with food production (with high energy content) would tend to be regressive, as would any energy taxes on public transport fuel consumption. In general the indirect effect would be close to the effect of VAT because the productive use of taxed input factors would be spread across most sectors.
One implication of our findings concerns the existing reduced tax rate for electric heating in Denmark. 26 There are no distributional arguments for maintaining the reduced tax rate, as this heating technology is today much more commonly found in houses owned by highincome groups than in older urban flats, where it used to be common. 27 The lost revenue would have a higher distributional impact if just used to reduce the ordinary electricity tax rate.
CONCLUDI NG REM ARKS
Denmark levies a variety of environmentally related taxes on both households and producing sectors. However, the producing sectors have been exempted from many of these taxes, placing the majority of the direct tax burden on households. The green taxes were first introduced in 1992 and now constitute around 15% of the environmentally related taxes, and the degree of exemption is less for these taxes. In international comparison the environmental taxes, as a share of total tax revenues is not especially large, at least not if compared to other European countries. The specific characteristic of Danish tax composition is instead related to the high direct income taxation and lack of employer contribution to social security.
The distributional effects of environmental taxes in Denmark can be characterised by the following results. 24 The argument that a lower registration duty would reduce emissions by reducing average age of the car stock will not necessarily reduce fuel consumption and CO2 emission, although other emissions might be reduced. The younger cars and lower emissions will be outweighed by larger and more cars probably resulting in higher petrol consumption and in the best case a slight reduction in emissions (excluding CO2). 25 Green owner duty was introduced in 1997 to replace the weight duty for new vehicles. The duty is paid based on fuel consumption and emission categories, regardless of the annual use. 26 The tax is around 0.9 Euro-cent/kWh less than the ordinary tax. 27 A removal of the reduced rate would generate around 13.4 million Euro in additional tax revenue with a close to neutral distributional impact.
• Environmental taxes on average slightly increase after tax inequality if a current income measure is used but they reduce inequality if current expenditure is used • The distributional effect varies a great deal between different environmental taxes, with transport-related taxes reducing after tax inequality and green taxes increasing inequality • Residential location matters, as rural households are more exposed to environmental taxes because of transport requirements and less efficient heating technologies in combination with limited access to district heating and natural gas • Environmentally related taxes on average are increasing inequality less than the VAT, whereas excise duties on alcohol and tobacco have more regressive effects than the VAT • Using current expenditure instead of current income for the analysis produces more favourable results with respect to distributional impact, but the ranking of different taxes is not affected and the green taxes and energy taxes remains as taxes that increase inequality
The results from this study indicate that the environmental taxes in Denmark increase inequality except for transport-realated taxes, which is in line with the results from most other international studies. It must specifically be noted that in the Danish case many of the minor green taxes on piped water, carrier bags, etc., have even more negative distributional effects than the traditional energy taxes, especially electricity. 30 The assumption is that half of the revenue from this tax on heat produced at incineration plants is distributed on the entire district heat consumption even though the tax is not applied to all district heat consumption.
